Abstract
Background
Mast cell tumours (MCTs) are characterised by a varied clinical course. They take the form of small, demarcated, single or multiple tumours, they may infiltrate the surrounding tissues and metastasise to lymph nodes and internal organ [1] [2] [3] [4] . Although many investigations have focused on identifying the factors determining the probable course of the disease, the degree of histological differentiation is still the most important predictor [5] [6] [7] [8] [9] [10] and determines not only the morphological characteristics and metastatic potential of a tumour but also its response to treatment and the prognosis [3, 11, 12] . Before 2011, the most widely used malignancy differentiation system was the three-grade Patnaik scale, which distinguished well, moderately, and poorly differentiated MCTs, referred to as GI, GII, and GIII [13] . Due to the heterogeneous character of moderately differentiated tumours and their unpredictable clinical course, Kiupel et al. [14] proposed a new 2-grade malignancy classification, i.e., low-grade and high-grade, based on the morphology of the cells' nucleus and the number of mitotic division figures. MCTs with a high malignancy grade are transformations involving at least 7 mitotic division figures, three multinucleated cells, three cells with bizarre nuclei per 10 high-power fields, and 10% of cells with karyomegaly. All other tumours that do not meet these criteria are classified as low-grade (Additional file 1). In accordance with the new classification system, highgrade tumours are characterised by a more aggressive disease course, a tendency to relapse and metastasise, and a shorter patient survival time. The median survival time is approximately 4 months in the case of high-grade MCTs and 2 years for low-grade MCTs [14] . Epidemiological investigations conducted so far have mainly focused on assessing the risk of MCT development in specific dog breeds in a specific geographical region. The risk of this type of tumour in relation to the dog's age, sex, and body weight and in castrated or sterilised dogs has been demonstrated [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Only one report has presented an epidemiological analysis of the incidence of MCTs based on the two-grade malignancy [25] . Prognosis is controversial and depends on the location of the MCTs. MCTs can develop in every part of the body, although the most frequent locations include the torso (50-60%), limbs (25-40%), and head and neck (10%) [4] . In turn, MCT locations with a poorer prognosis include the perineal area, perineal-perianal area, and mucocutaneous junctions [1, 2, 4, 12] . Some authors claim that a worse prognosis is often associated with the development of poorly differentiated MCTs, whereas other researchers relate it to difficulties in performing surgery [26, 27] . Therefore, a retrospective analysis of the risk of development of low-and high-grade MCTs could be extremely helpful for prognosis. There are no epidemiological studies in the veterinary literature based on the Kiupel twograde classification of malignancy, which is the basic prognostic factor determining the course of the disease.
The aim of this study was to conduct an epidemiological analysis of the risk of MCT development in dogs in relation to other skin tumours and to use the data in the prognosis of the neoplastic disease. Relationships between the dog's breed, age, sex, size, anatomical location of the tumour, and degree of MCT malignancy specified by the Kiupel two-grade malignancy scale were assessed.
Methods
The analysis involved 492 dogs of 77 breeds and crossbreed dogs diagnosed with skin MCTs, which were selected based on a histopathological assessment of 2763 canine skin tumour cases diagnosed at the SubDepartment of Pathomorphology and Forensic Veterinary Medicine, University of Life Sciences in Lublin, Poland from 2003 to 2016. Due to the small number of dogs, 51 breeds represented by 31 individuals with MCTs and 433 dogs with skin tumours were classified into one group, i.e., other breeds. The analysis was conducted in 26 breeds, crossbreed dogs, and the group of other breeds. The tumour samples for histopathological examination originated from dogs treated with surgical resection of the skin tumour, which was performed at the Veterinary Clinic, University of Life Sciences in Lublin and at private veterinary clinics in Poland. Slides for microscopic evaluation were routinely stained with haematoxylin and eosin as well as toluidine blue. The histopathological analysis of the MCTs was performed according to the WHO classification based on the two-grade malignancy scale of Kiupel et al. [14, 28] . Tumours sampled before 2011 and evaluated according to the Patnaik scale were reclassified by three pathologists. Clinical data on the dogs' breed, age, sex, and tumour location were derived from records delivered to the Department, together with tissue submitted for histopathological examination. Only dogs with a complete set of data were qualified for inclusion in the study; hence, 78 cases were excluded from the analyses. The analyses were performed on tumours diagnosed in an individual for the first time.
Dogs were divided into three groups according to size: small (S), estimated wither height (EWH) 30-45 cm, medium (M, EWH 45-60 cm), and large (L, EWH > 60 cm) [29] . The crossbreed dogs were excluded from the body-size assessment. Additionally, four age groups were distinguished: (1) dogs aged 0-3 years, (2) 4-6 years, (3) 7-10 years, and (4) 11-16 years. Eleven tumour locations were distinguished: (1) head, (2) neck, (3) torso, (4) thoracic limb, (5) axilla, (6) pelvic limb, (7) inguinal area, (8) perineum (9) scrotum, (10) anus, and (11) tail.
The risk of MCT development according to breed, sex, size, location, and age range was determined based on the odds ratio (OR). The control (reference) group comprised dogs with skin tumours diagnosed at the Sub-Department of Pathomorphology and Forensic Veterinary Medicine, University of Life Sciences in Lublin during the same period, i.e., from 2003 to 2016. A logistic regression analysis was performed to determine the ORs with 95% confidence intervals (CIs). For dogs assigned to a breed, ORs were calculated by comparing the MCT incidence in the analysed breed with that in the other breeds diagnosed with skin tumours (control group). Analogous calculations were conducted for tumour location. For the calculations of ORs relative to age, the dogs were divided into four age groups, and the younger animals (up to 3 years of age) were regarded as the basal group. Small dogs and males were the basal groups in the determination of ORs for size and sex, respectively. The analysis was conducted using the Statistica 9.1 program (StatSoft ® , Cracow Poland). Values of P < 0.05 were considered significant.
Results
The 492 cases of MCTs accounted for 17.8% of all skin tumours. Among the skin tumours, 19.6% sebaceous and sweat gland tumours, 15.9% histiocytic tumours, 10.9% epidermal tumours, 10.8% follicular tumours and 5.0% melanocytic tumours were identified. In turn, mesenchymal neoplasms and other tumours accounted for 20.0% of the examined skin tumours. According to the two-grade classification of Kiupel et al. [14] , low-grade tumours were dominant, representing 75.8%; the other cases were classified as high-grade tumours ( Table 1 ). The greatest proportion of MCTs was detected in the Boxer breed (19.1%), of which 96.8% were classified as low grade. Furthermore, a high percentage of MCTs were noted in Labrador Retrievers, American Staffordshire Terriers, Golden Retrievers, French Bulldogs, Dachshunds, and Shar-Peis (ranging from 2.6 to 9.9%) ( Table 1 ). In terms of location, the greatest numbers of MCTs were noted on the torso (36.9%); they were dominated by low-grade tumours (80.2%). In turn, the highest frequency of highgrade tumours (73.3%) was noted in the inguinal region Table 1 Table 4) . The scrotum was characterised by the highest risk of MCT development of all the skin tumour locations (Table 5 ). This region exhibited a substantially greater risk of high-grade tumour development (Fig. 1) , although the OR indicator for low-grade MCTs was also high (Table 5 ). Other localities with high OR values included the inguinal area, axilla and torso (Table 5 ). Higher OR values were determined for high-grade tumours in the inguinal area and axilla. In turn, the torso was found to be the region with the highest risk of low-grade tumour development (Table 5) .
A higher risk of MCT development was noted in females than in males, including a higher risk of lowgrade MCTs (Table 6 ). There was an increased risk of MCT development in older dogs aged 4-6 years and 7-10 years compared with that in the youngest dog group (less than 3 years old) ( Table 6 ). Similar correlations were observed for high-grade tumours, but the highest OR value was noted in the oldest dog group (aged 11-16 years). The highest risk of low-grade tumours was reported for younger dogs aged 4-6 years compared with the youngest group (less than 3 years old) ( Table 6 ). The statistical analysis based on size revealed a higher risk of low-and high-grade MCTs in the medium-sized breeds than in the small ones, whereas no significant correlations were found for the large breeds (Table 6 ).
Discussion
Mast cell tumours accounted for 17.8% of all the examined skin tumours which corresponds to the frequency found in other studies (7-21%) [4, 21, 30] . The results of this study indicated an increased risk of MCT development in five breeds: Shar-Pei, American Staffordshire Terrier, Labrador Retriever, French Bulldog, and Boxer (Table 4) . The results most similar to those found in our study were obtained in investigations conducted in the UK, where the highest risk was predicted for Boxers, Labrador Retrievers, Golden Retrievers, and Staffordshire Bull Terriers [22] . Other studies conducted in the UK demonstrated an increased risk of MCT development in Weimaraners as well [20] . Our study confirmed the increased rate of high-grade MCT development in this breed. Epidemiological studies conducted in the USA showed that breeds such as Boxers, Vizslas, Rhodesian Ridgebacks, Boston Terriers, Weimaraners, and Chinese Shar-Peis were more susceptible to MCTs [21] . Differences in MCT incidence among different breeds is associated with the geographical area and the selection of the control population, which in some investigations comprised insured populations [18, 22] , dogs registered with kennel associations (Kennel Club registrations) [19, 22] , or hospitalised dogs [21, 22] . The control group in our study comprised dogs with skin tumours. Regardless of the geographic area and the control population, all epidemiological studies have revealed an increased risk of MCT development in Boxers [19] [20] [21] [22] [23] . The present study confirmed these observations. Moreover, the statistical analysis revealed an increased incidence of MCTs in American Staffordshire Terriers and French Bulldogs.
There is a hypothesis that Boxers, American Staffordshire Terriers and French Bulldogs may be related and have a common ancestor in their phylogenetic development [31] . The present study demonstrated a high risk of MCTs in the Shar-Pei simultaneously with an increased risk of high-grade MCTs (Table 4) . Our results confirm previous reports of greater susceptibility of this breed to MCTs characterised by a higher malignancy grade and a worse clinical course [32] [33] [34] . As shown previously, the Labrador Retriever breed is at increased risk of this type of tumour [22, 23] . This finding was also confirmed in the present study, which additionally revealed a higher risk of low-grade MCTs (Table 3 ). Recent investigations suggest that low levels of 25(OH)D3 might be a risk factor for MCTs in this breed [35] . Available published data show that Boxers and Pugs are characterised by higher susceptibility to low-grade MCTs [25, 32, 34, 36, 37] . Our epidemiological analysis confirmed these observations and demonstrated an increased risk of low-grade MCTs in French Bulldog and American Staffordshire Terrier. In the latter breed, a higher risk of high-grade MCTs was revealed as well (Table 3) , which may be related to the phylogenetic origin. The American Staffordshire Terrier is a cross between the Bulldog and the Terrier. In Bulldogs, a higher risk of low-grade MTC occurrence has been observed [25] . Although there are no reports on the occurrence of high-grade MCT in Terriers, genetic factors should be considered. Other mechanisms in addition to genetic factors probably play an important role and may be responsible for the biological behaviour of tumours in a given breed. Investigations of mitochondrial DNA conducted in recent years have demonstrated somatic mutations in the mitochondrial DNA D-loop in MCTs, which may also be associated with neoplastic transformation [38] . The present epidemiological analysis also showed a reduced risk of MCT development in three breeds, i.e., German Shepherd, Yorkshire Terrier, and Cocker Spaniel (Table 3) , which is consistent with previous studies [20] [21] [22] . The veterinary literature contains many discrepancies regarding the risk of development of MCTs in females and males. Most reports confirm the absence of a correlation between the animal's sex and MCT development [20, 33] . The present results showed a higher risk of MCT development in females (OR 1.38, P = 0.001), with a concurrent tendency towards low-grade tumours (OR 1.43, P = 0.001) ( Table 5) . A study conducted by Mochizuki et al. [25] reported a greater number of high-grade tumours in males and non-castrated dogs. In turn, some published data suggest that castration and sterilisation increase the MCT risk [23, 24, 39] . These data imply that the role of sex hormones in MCT development is not fully understood, and further investigations are required to elucidate this issue.
The present study showed correlations between the anatomical location of the tumour and the presence of MCTs. The statistical analysis demonstrated that the scrotum had the greatest risk of MCT development of all the skin tumour locations. The results also indicated that this area was susceptible to a substantially higher risk of high-grade tumours (OR 31.72, P < 0.001), although the OR value for low-grade MCTs was also high (OR 12.61, P < 0.001) ( Table 4 ). Other regions predisposed to the development of MCTs were the inguinal area and axilla ( Table 4) . As shown in the literature, the inguinal, scrotal, and perianal areas, as well as the mucocutaneous junctions, are tumour locations characterised by a worse prognosis [1, 2, 4, 12, 27] . However, it should be borne in mind that the worse prognosis may be associated with the difficulty of applying an appropriate surgical procedure and incomplete tumour resection [1, 3] . The present results confirmed the tendency towards the development of high-grade MCTs in the inguinal and axillary regions (Table 4) . As reported by Govier [26] , mechanical irritation and chronic inflammation may contribute to the development of this tumour. The inguinal and axillary regions are exposed to mechanical irritation, which may contribute to the worse course of the disease. The statistical analysis revealed an increased risk of the development of MCTs on the torso and confirmed this region's predilection for the occurrence of low-grade MCTs (Table 4) . Mast cell tumours can develop in dogs at all ages, but most cases are diagnosed between 7.5 and 9 years of age [2, 4, 12, 40] . The present study confirmed a higher MCT risk in older dogs aged 4-6 (OR 7.23, P < 0.001) and 7-10 years (OR 7.49, P < 0.001) than in the younger group (Table 5) . Shoop et al. [20] found a 41-fold higher risk of MCT development in 10-year-old dogs compared with that in dogs aged 2 years. In turn, Villamil et al. [21] observed an increased MCT incidence in dogs older than 7 years. The statistical analyses presented in this study revealed interesting correlations between a dog's age and the malignancy grade of MCTs. The comparison with the youngest dogs revealed that the risk of high-grade MCT development increased with age, reaching a maximum value in the oldest group of dogs, aged 11-16 years. In the case of low-grade tumours, the risk was higher in younger dogs, aged 4-6, and declined in the oldest group, aged over 11 years (Table 5 ). In previous epidemiological studies, no correlations were demonstrated between age and the risk of various-grade MCTs. An investigation conducted by Mochizuki et al. [25] showed an increased risk of mast cell malignancies, mainly in non-castrated males. The results of the present statistical analyses based on the dog's size revealed a higher risk of low-and high-grade MCTs in medium-sized breeds than in small 
